National health statistics report a 2 . 5-fold increase in laboratory-confirmed Chlamydia trachomatis (CT) cases over the last decade in Switzerland where no CT screening programme exists. We obtained essential denominator information to describe the epidemiology of CT in the canton of Basel-Stadt, an urban canton in north-western Switzerland. Laboratories reporting at least two CT infections from Basel-Stadt residents to the SFOPH in 2010 provided demographic and test-related data. CT positivity rates were calculated for 2002-2010. The influences of test year, age, sex and laboratory on CT positivity were investigated in a multivariable model. Positivity differed between sexes and age groups. In our sample of 32 034 records, female and male CT positivity rates were 4 . 7 % and 11 . 1 %, respectively. Test year was significantly associated with test outcome in the multivariable analysis but no time trend was observed. CT positivity did not change over the past 9 years in Basel-Stadt. In contrast to other European countries without CT screening, we found no evidence that the observed increase of Chlamydia cases in the national notification system represents an epidemiological trend, but rather results from an increased testing frequency.
INTRODUCTION
In Switzerland and other European countries, an increase in sexually transmitted infections (STIs) has been observed since the end of the 1990s [1] . The most frequent bacterial STI, Chlamydia trachomatis (CT), mainly affects young adults with multiple sexual partners not using condoms [2] . Treatment with antibiotics is effective, but the frequently asymptomatic nature of infections makes it difficult to detect them [3, 4] .
The WHO estimated that 92 million people worldwide were newly infected with CT in 1999, of which five million were in Western Europe [5] . The epidemiology of CT infections in Switzerland cannot be fully understood because existing studies on disease prevalence focus on selected risk groups such as prisoners [6] , undocumented immigrants [7] or men at army recruitment [8] .
Since 1988, laboratories are obliged by the Swiss Epidemics Act to report positive Chlamydia test results to the Swiss Federal Office of Public Health [SFOPH/Bundesamt fu¨r Gesundheit (BAG)] [9] . All CT infections diagnosed by culture, genome (DNA/ RNA) or antigen detection from genital sites must be reported. Currently, predominantly nucleic acid amplification tests (NAATs) are used for the diagnosis of CT infections [10] . Figures from the national notification system for infectious diseases (NNSID) indicate a threefold increase of CT cases over the past 12 years [11] . Negative test results are not reported to SFOPH and consequently no denominator data is available for appropriate epidemiological trend analysis. An increase in disease notifications is often considered to reflect an increase in disease frequency. We questioned this interpretation and hypothesized that the observed increase of CT infections in official reports of infectious diseases is a consequence of increased testing of different target groups and does not reflect an increase in disease frequency. Therefore, we requested major diagnostic laboratories to provide denominator data in order to calculate and interpret positivity rates of CT in the canton of Basel-Stadt. Basel-Stadt is one of 26 cantons of Switzerland located in the northwest and considered to be urban. The canton, with 193 627 inhabitants in 2010, 32 % of whom are non-Swiss citizens, consists of three civil parishes. About 90 % of the canton's population resides in the city of Basel, the third biggest city in Switzerland [12] .
METHODS
Positivity rate was defined as the number of positive tests divided by the total number of tests performed. With our data, we cannot use prevalence or incidence measures to describe the epidemiology of CT since the denominator is the number of tests performed and not the number of individuals tested. Hence, and in accordance with other studies [10] , we use the term ' positivity '.
In 2010, a total of 13 laboratories reported CT cases from residents of the canton of Basel-Stadt to the SFOPH. Of those, seven laboratories reported at least two CT cases from Basel-Stadt and were asked to provide data on gender, year of birth, canton of residence, test date, test result and test method of all subjects tested for CT in the time period 2002-2010. One private sector laboratory declined participation. Four laboratories were from the private sector and provided all requested information. Two were from the public sector and provided complete data for the years 2008-2010. The six laboratories were based in four different cantons of Switzerland (Basel-Stadt, Basel-Land, Zu¨rich, St Gallen). Data from one laboratory had to be entered into an electronic database (Microsoft Access 2002, Microsoft Corporation, USA). All other laboratories provided computerized data.
One third of our data from Basel-Stadt was from a public hospital laboratory even though this laboratory only provided data for 3 years. Given the potentially different client and patient profile in hospital laboratories, including those data in the analysis could obscure a time trend in positivity rates. Therefore, laboratories not providing data for the whole time period were not included in the main analysis.
All collected data were analysed using Stata v. 10.1 (StataCorp., USA). Data analysis and statistical testing was planned a priori. Univariable logistic regression was used to assess whether test year, age group, sex, laboratory and test method were significantly associated with the test result. We included sex and age group and all variables that were significantly associated with the test outcome in the univariable analysis at P<0 . 2 in a multivariable logistic regression. Additionally we included an interaction term for age group and sex in the multivariable model, because females might be infected at different ages than males. We decided not to stratify by sex as we expected sample size to be too small, especially in the male subject group.
The following groups were defined as reference categories : sex 'male '; age ' o40 '; test year '2010 '; laboratory ' Lab D '; and test method 'Cobas Amplicor CT/NG test '.
Inclusion criterion for records was residency of patients in the canton of Basel-Stadt. Records with missing test results were excluded. Records with missing age or sex were excluded in the logistic regression model.
The univariable and multivariable analyses were performed with the original dataset and repeated with a cleaned dataset. In cleaning the data we identified double entries and repeated tests. Records were defined as repeated tests if (i) they were from the same patient entered on the same day from duplicate samples and (ii) if two or more records had identical patient identification numbers and a second test on the same patient who tested positive was repeated within 14 days after the initial test with no negative test result in this period. In case of discordant test results the positive result was retained in the analysis.
We calculated CT positivity rates for different age groups and sex. To assess the representativeness of our data we compared the number of CT cases in our data to the cases published by SFOPH.
To assess whether the relative testing frequency between age groups remained constant over time we performed multinomial logistic regressions stratified by sex.
Ethical statement
This study used data from publically available sources of the SFOPH or fully anonymized data from private and public sector diagnostic laboratories.
RESULTS
In Switzerland, the number of notified Chlamydia cases increased from 3111 (164 in Basel-Stadt) 
Characteristics of laboratories and tested population
CT testing methods and test performance changed over the study period. Two laboratories did not change the method used for Chlamydia testing during the study period, while two laboratories changed once. However, all but one laboratory used NAATs over the whole period ( In total, 50 (0 . 2%) records (two positive, 48 negative) were not used for the logistic regression because of missing information on age or sex.
Median age of patients tested was 30 years (range <1-99 years) and differed significantly between the laboratories (Kruskal-Wallis test, P=0 . 0001). Of females, 74% of CT tests were performed in the 20-39 years group (Fig. 2 ). For males, the age distribution peaked in slightly older age groups. More than half (56 %) of tests were performed on males aged 25-44 years.
While 54% of positive patients were aged 20-29 years, these represent only 38 % of all tests performed for both sexes within this age group. Positive test results were found most frequently for women aged 15-34 years and men aged 20-39 years.
Females were tested more often than males with proportions tested for CT per year ranging from 80 % to 89 % compared to 11-20 % for men.
Positivity rates
CT was detected in 821/17558 female samples (4 . 7%) and in 317/2849 male samples (11 . 1 %). Figure 3 shows the time trend in positivity rates for sex and laboratory. In both private and public sector laboratories, positivity rates were stable between 2002 (2008) and 2010. However, the positivity rate in the public hospital laboratories was lower than in the private laboratories.
Univariable logistic regression revealed that sex, age group, test year, laboratory and test method were significantly associated with the test result at the 20 % significance level (Table 3) . Therefore, all variables except 'test method ' were included in the multivariable analysis. The test method was excluded because of partial collinearity with the variable 'laboratory '.
Adjusting for other factors, the year of CT testing remained a significant determinant of a positive test result, although no clear time trend was observed. In the years 2006 and 2008, the probabilities (odds) of testing Chlamydia-positive were significantly higher than in 2010 (annual P values <0 . 05). The association between age and CT positivity was modified by sex. In males, the adjusted odds ratios (Table 3 ). None out of 79 boys (0-14 years age group) tested for Chlamydia had a positive result and 1/120 tested girls of the same age group was found positive. Positivity rates of different age groups stratified by sex over the 9 years indicate that rates in females vary only slightly across the years (Fig. 4) . In contrast, in males the positivity rates changed annually.
In Figure 5 we display the proportions of tests performed by age groups and sex from 2002 to 2010. Results from the multinomial logistic regression showed that the proportion of tests performed on males in the 15-19 and o40 years age groups remained stable over the 9 years (data not shown). Compared to the o40 years age group, the proportion of tests for males aged 0-14 and 30-39 years decreased and the proportion of tests for males aged 20-29 years increased, but all of them not significantly. In females, the proportion aged 30-39 years remained stable from 2002 to 2010 while the proportion of the o40 years age group decreased marginally, the proportions of age groups 0-14 and 15-19 years decreased significantly and that of females aged 20-29 years increased significantly. The logistic regression analysis was repeated after exclusion of 63 (0 . 3%) records classified as repeated tests. Results changed very little and interpretation would not have changed at all. Therefore, we do not show those results.
DISCUSSION
We investigated whether the observed increase in CT case notifications during the past decade was associated with increasing positivity rates. In contrast to other European countries, in Switzerland there were no official screening programmes or national guidelines on CT testing and case management during the study period from 2002 to 2010.
We found that CT positivity, even though significantly associated with year of testing, did not increase between 2002 and 2010 nor did it exhibit a clear trend in time. This phenomenon can be explained given that the 2 . 5-fold increase in the absolute number of CT cases observed in our data was accompanied by a 2 . 5-fold increase in the total number of Chlamydia tests performed. Quality of test methods is assumed to be very similar between laboratories without notably changing during the study period as all but one laboratory used NAAT techniques over the whole study period. Those diagnostic methods have very similar sensitivities and specificities. Nevertheless, differences between laboratories exist and are likely to be linked to different client profiles ; in the hospital setting, patients may be more likely to harbour a CT infection (acute care for venereal complaints, lower socioeconomic status in outpatient units, higher proportion of non-Swiss patients) than patients in private practices (predominantly acute care and opportunistic testing during the periodical gynaecological examination of low-risk groups). In contrast, in the hospital settings, tests are prescribed in many instances. Heterogeneity in test-prescribing behaviour also exists among private practitioners [13] . Private laboratories serve predominantly private practices.
The increase in absolute numbers of tests performed over the years can be explained by increased prescription of tests by physicians and to some extent by an increase of overall testing volume within the four laboratories. An increase in test prescriptions may have different underlying reasons : either test inclusion criteria used by the physicians changed over time, leading to more people fulfilling those criteria. If test prescription criteria remained unchanged, the increase in the number of tests performed can be explained by a change in population behaviour with more people meeting the same testing criteria.
Gender imbalance in chlamydial testing
Overall, 87.5 % of CT tests over the past 9 years were performed on women in the canton of Basel-Stadt. Apart from symptom-based testing and treatment in medical practice in both genders and more frequent testing in risk groups, women are additionally tested in Switzerland during regular gynaecological checkups, even though a Chlamydia test is not included routinely. According to the Swiss Health Survey in 2007, 79 . 8% of women consulted a gynaecologist in the preceding 2 years and 56 . 4% in the preceding 12 months. For men the frequency of interaction with an urologist was unfortunately not assessed by the Swiss national survey [14] . We presume that young men do not routinely consult health services for medical check-ups but rather seek help and contact a specialist based on perceived morbidity, signs and symptoms. A study in attendees of a sexual health clinic in New Zealand found that asymptomatic patients seeking STI testing were significantly more likely to be females than males [15] .
A CT infection is more often asymptomatic in females [2, 3] . Given different help-seeking patterns in males (symptom-based) and females (screeninglike), CT positivity, therefore, represents two different measures for males and females. For males, positivity measures mostly acute infections (thus, resembling incidence) while for females, positivity may rather represent a prevalence measure ; consequently, we are dealing with two different populations. However, neither female nor male positivity rates represent population prevalence or incidence rates since the denominator does not equate the population at risk.
Data from the NNSID reporting absolute case numbers indicate that CT infections predominantly occur in women (70 %). This may further draw the physician's attention to seek for CT infections in females. However, to conclude from this gender imbalance in reported CT cases to a higher prevalence in females could be misleading because the populations tested differ. Worldwide, there are several studies showing no significant gender differences in prevalence [16] [17] [18] . Furthermore, it is common practice to treat sexual partners of infected patients without testing. As females are tested more often, this may lead to more (asymptomatic) male partners being treated without testing and may, thus, account for underrepresentation of male cases. Intensified testing in women could be explained by more frequent testing of risk groups such as pregnant women, women planning contraceptive coil implantations or women undergoing surgical termination of pregnancy, as it is current practice in health-care provision. Additionally, Chlamydia morbidity due to long-term sequelae is higher in females than in males [19] . Whether age at first sexual intercourse plays a role in observed gender differences remains unclear. However, there is only weak evidence that age at first sexual intercourse is a risk factor for chlamydial infection [20] .
Positivity rates
Given the differential testing practice between males and females, it is not surprising that there is a big gender difference in positivity rates. Furthermore, we do not know to what extent physicians treat patients without testing and whether this is done differentially for males and females. According to Paget & Zimmermann STI diagnoses made by Sentinella physicians were based on laboratory tests in only 40 % of cases [21] . With the new national prevention campaign for HIV and other STIs, the SFOPH published case management guidelines for primary-care physicians [22] . These recommendations consider treatment of infections without laboratory confirmation if a symptomatic diagnosis is confirmative or if the partner is treated for the same infection. Moreover, financial issues could play a role in treating patients without laboratory confirmation, especially in young, non-pregnant adults. The yearly CT positivity rate varied without a clear time trend between 4 . 7% (2007) and 6 . 6 % (2008). Bender et al. found positivity rates in Denmark, Sweden and New Zealand to be slightly higher and increasing over time from about 5 % in 1999 to 8% in 2008 [10] . Like Switzerland, these countries had no on-going screening programmes but Chlamydia case management guidelines existed, recommending Chlamydia testing at least in one group of asymptomatic patients. Comparable guidelines have only existed in Switzerland since 2011. Even though screening programmes or national guidelines can impact on positivity rates, monitoring positivity rates is not sufficient to evaluate the effectiveness of such programmes or guidelines.
Positivity rates in young adults (aged <25 years) tested during the fifth year of the English National Screening Programme (2007/2008) were 7 . 6 % in men and 9 . 3 % in women. By contrast, in our sample positivity rates in those aged 15-24 years were 18 . 1% in men and 9 . 3% in women over the entire study period. This substantial difference in men between the two countries is probably explained by the difference in testing practices. Such differences are not observed in women suggesting that the current practice of CT testing in Switzerland may resemble a screening-like approach in the absence of an official screening programme. There is no evidence to assume a higher CT prevalence in Switzerland than in the UK : population-based prevalence was estimated at 0-4 . 9% in the UK [23] . The prevalence in Swiss men at army recruitment was 1 . 2%, the most accurate prevalence estimate available for young men aged between 18 and 26 years in Switzerland [8] . A study by Swiss sentinel gynaecologists found a prevalence of 1 . 3% in pregnant women and 2 . 8% in women who went for a gynaecological check-up [24] .
From a 1-year laboratory-based Swiss study in 2009 we calculated a CT positivity rate of 4 . 0% in females and 6 . 4 % in males [25] . These figures are comparable to our observed positivity rates of 4 . 5% in females and 10 . 2% in males in 2009.
Testing practices
A stable positivity rate does not necessarily mean that incidence is stable and, vice versa, an increasing positivity rate could occur without a true increase in incidence. All those measures highly depend on testing practices of physicians and on the population tested.
We calculated positivity rates because we have different test groups (males representing rather incidence and females as a proxy for prevalence) and cannot conclude on the true epidemiological situation.
In order to equate the trend in positivity rates with trends in prevalence or incidence rates we would need to assume that the testing practice in the two groups as well as sexual risk behaviour remained constant over time. We only have data on age and sex to investigate this assumption. Figure 5 describes the relative testing frequencies in each age group. For males, relative testing frequency did not change across age groups. However, in females, there was a tendency over the observed 9-year period to perform more tests in one age group (20-29 years) and less in others (0-14, 15-19, o40 years). It is, therefore, possible that the target population for Chlamydia tests changed, especially in females, which in turn leads to different pre-test probabilities of being infected. This could mean that the trend observed in the positivity rate could diverge from the trend of the real CT incidence (males) or CT prevalence (females). The latter two can only be obtained from random populationbased surveys.
Median age of negatively tested persons was 31 compared to a median age of 26 years in positively tested persons. An explanation for this difference in median age is that pregnant women are tested frequently and only up to 38 % of live births in Switzerland occur in mothers aged 20-29 years, while as many as 60% of live births occur in those aged 30-39 years [12] .
Treatment and repeated testing
We could identify only 63 (0 . 3 %) records as repeated tests considering a second CT test performed within 14 days as a repeated test. Excluding these from the analysis did not change the interpretation of the results. Similarly, applying the SFOPH criteria of a time interval of 90 days differentiating a repeated vs. a new infection did not change the results (data not shown).
Repeated infections are not likely to be due to treatment failure. The most commonly used antibiotics for CT therapy (azithromycin, doxycycline) have been shown to be equally efficacious with cure rates of 97-98% [26] . Therefore, persistent infections are more likely due to compliance issues or immediate re-infection because of on-going sexual contacts with infectious partners. Further, persistence of DNA from dead chlamydial bacteria may lead to falsepositive results for up to 3 weeks following treatment [27] [28] [29] .
Our study has some limitations. We enrolled six of seven major laboratories into the study. However, two laboratories could not provide data for the whole time period and were, therefore, excluded from the main analysis. Even though our data represent only half of the cantonal Chlamydia infections reported to SFOPH, our data are likely to reflect the situation in Basel-Stadt. This is consistent with the findings from the regression model using data from all six laboratories for the years 2008-2010 : the positivity rate did not change in the past few years in Basel-Stadt.
Interpretation of the total number of CT tests performed is hampered because the increase of CT testing could be a consequence of structural growth of individual diagnostic laboratories, thus, of increased overall testing volume rather than of an increased CT testing frequency. This is supported by the fact that participating laboratories reported higher percentages of CT cases to SFOPH over time (Table 1) .
Repeated tests could not always be identified as the Swiss health information system does not (yet) utilize unique patient identification numbers. The use of test methods of different sensitivities and specificities in laboratories could explain some of the variation between diagnostic laboratories ; however, choice of CT test material, i.e. urine, urethral or vaginal swab may have a larger impact on the sensitivity and specificity of test outcomes than the choice of a NAAT method [25] . The recent use of a combined CT and Neisseria gonorrhoea test could also potentially result in a rising detection rate of CT infections and, therefore, in increasing numbers of cases as observed in the NNSID. Additional CT diagnoses resulting from a simultaneous testing for CT and N. gonorrhoea, as done in one private and one hospital laboratory, could not be identified. Finally, test-prescribing behaviour of physicians relating to the control of treatment outcome, screening of pregnant women or other 'risk ' groups, or as an effect of national control endeavours may have changed over time. 
CONCLUSION
Data from the NNSID provide no denominator data on CT and other infectious diseases limiting epidemiological interpretation of publically available health information. Considering denominator data from diagnostic laboratories for residents of the canton of Basel-Stadt, the observed increase of CT cases in the NNSID may not reflect a higher frequency of this notifiable sexually transmitted infection. We found no increase in Chlamydia positivity in Basel-Stadt over the past 9 years.
Studies from European and other countries, without screening for CT (similar to Switzerland), suggest a true increase of CT positivity rates. This contrasts with the findings of our study and underscores the necessity of obtaining comparable CT data for other Swiss cantons to conclude on recent epidemiological patterns of CT infections for the whole of Switzerland.
This study has shown that great caution is needed when interpreting changes in numbers of disease notifications without knowing the denominator. of Basel) for providing necessary data.
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